The indoor environment is a major source of human exposure to pollutants. Some pollutants can have concentrations that are several times higher indoors than outdoors. Prolonged exposure may lead to adverse biologic effects, even at low concentrations. Several studies done in Malaysia had underlined the role of indoor air pollution in affecting respiratory health, especially for school-aged children. A critical review was conducted on the quantitative literature linking indoor air pollution with respiratory illnesses among school-aged children. This paper reviews evidence of the association between indoor air quality (IAQ) and its implications on respiratory health among Malaysian school-aged children. This review summarizes six relevant studies conducted in Malaysia for the past 10 years. Previous epidemiologic studies relevant to indoor air pollutants and their implications on schoolaged children's respiratory health were obtained from electronic database and included as a reference in this review. The existing reviewed data emphasize the impact of IAQ parameters, namely, indoor temperature, ventilation rates, indoor concentration of carbon dioxide (CO 2 ), carbon monoxide (CO), particulate matters (PM), volatile organic compounds (VOCs), nitrogen dioxide (NO 2 ) and airborne microbes, on children's respiratory health. The study found that most of the Malaysian school-aged children are exposed to the inadequate environment during their times spent either in their houses or in their classrooms, which is not in compliance with the established standards. Children living in households or studying in schools in urban areas are more likely to suffer from respiratory illnesses compared with children living in homes or studying in schools in rural areas.
Introduction
The Environmental Protection Agency (EPA) defines indoor air quality (IAQ) as the quality of the air inside buildings, as represented by concentrations of pollutants and thermal (temperature and relative humidity) conditions affecting the health, comfort, and performance of occupants. Studies on potential impacts of indoor air pollution on the health of school-aged children have grown rapidly over the last decade. School-aged children in Malaysia can be defined as the children aged 4-12 years old. The development and urbanization process in Malaysia for the past decades have contributed to an increase of air pollutants in both outdoor and indoor environments. Indoor air quality in homes and schools can have substantial impact on children's health. Indoor air contaminants like particulate matter (PM), toxic gases, volatile organic compounds (VOCs), and airborne microorganisms can be harmful to the respiratory health of school-aged children. These contaminants are mainly produced by transportation, construction, and agricultural activities, industrial processes and other human activities.
The quality of air inside homes, schools, and other private and public buildings is an essential determinant of healthy life and people's well-being (1) . The World Health Organization (WHO) has assessed the contribution of a range of risk factors to the burden of disease and revealed indoor air pollutants (IAP) as the 8th most important risk factor and responsible for 2.7% of the global burden of disease (1) . Children are vulnerable during their growth and are more susceptible to the health effects of air pollution than adults because of their physical constitution and breathing pattern.
Nowadays, children spend more time (nearly 80%) indoors (e.g., schools and homes). It is crucial to recognize the association between the importance of providing healthy housing and a school indoor environment for children. Poor IAQ is often caused by inadequate ventilation, contaminants of the air and extreme temperatures, those of which, if not adequately addressed, may contribute to adverse health effects on school-aged children. IAP likely has equal or even greater impact on children's respiratory health when compared with outdoor pollutants. School-aged children's exposure to IAP has been linked to a variety of health effects, including respiratory health problems and exacerbation of childhood asthma (2) .
Children are highly susceptible due to a variety of reasons. There is a need for prevention of the health effects of poor indoor air quality from all regions of the world. The current evidence on the effectiveness of different interventions and limited research on health implications of IAP in Malaysia lead to insufficient information for providing clear guidance to the Malaysian Government and decision-makers on suitable strategies to reduce the health effects caused by IAP (2) . This paper is a comprehensive review of the available relevant literature and serves as a reference for further research on health implications of IAQ among school-aged children in Malaysia.
Materials and methods
A systematic search for original research of the effects of indoor air pollutants and its respiratory health effects on school-aged children was conducted based on the guiding principles laid out in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) document. The items retrieved included any case study, cross-sectional, case-control, cohort, or experimental design studies. From the identified papers, studies meeting the eligibility criteria were selected. The inclusion criteria included the following: publication of scientific journals on investigation of associations between respiratory health implications in school-aged children, either home or school indoor air pollutants, and home or school activities considered to be risk factors for indoor air pollution. Findings on occupational indoor air pollution exposure, ambient exposures, or adult populations were excluded. Results were also excluded if risk factors were determined for time periods not relevant to the health effects measured, or if not controlled for main potential confounding factors.
Two key search concepts were used ("Indoor air pollutants in schools" and "respiratory health") along with associated synonyms to account for differences in terminology. Synonyms used for IAP were indoor temperature, ventilation rates, indoor concentration of carbon dioxide (CO 2 ), carbon monoxide (CO), PM, VOCs, nitrogen dioxide (NO 2 ), and airborne microbes. Synonyms for respiratory health included lung function and respiratory symptoms. The search was conducted in September 2013 in the online database: Medline (http:// medline.gov), PubMed (http://www.pubmed.gov) and other electronic database. All previously published systematic reviews and original studies were manually searched for additional references. All articles identified were entered into EndNote X3 referencing software (Thompson Figure 1 Flow chart of inclusion and exclusion.
reviews were conducted to screen out ineligible articles. Articles that fulfilled the criteria were reviewed in full. After this detailed review, a number of papers were further excluded. Figure 1 shows the PRISMA chart for this process. Reported studied subjects, study designs, risk factors, and health outcomes were extracted and summarized in Table 1 . Reported associations between the identified risk factors and health effects were summarized and expressed as odds ratios (ORs). Detailed reviews were done on study designs, measurements, analyses, and potential biases in the reviewed studies. Detailed synthesis of findings for all risk factors reviewed is not provided. To ease the interpretation of the associations reported, sources of specific indoor air pollutants examples were provided.
Results

Temperature and relative humidity
According to the American Society of Heating, Refrigerating, and Air-Conditioning Engineers (ASHRAE), the recommended range for acceptable IAQ is 23.0°C-26.0°C for temperature, and 30%-65% for relative humidity (RH) (9) . Excessive temperature and RH can cause discomfort to an individual within an indoor environment. A study was carried out by Marzuki et al. (3) with the purpose of assessing IAQ in three selected classrooms from three categories of study areas, including commercial area (SKSS1), suburban area (SKPP), and outskirt-hilly area (SKBW). Measurement of each school IAQ was carried out for three consecutive days from 8 am to 1 pm. Results showed the following temperature and RH mean values for the three schools, namely, SKPP, and SKSS1) 27.99°C and 81.78% Malaysia is a country located in the tropical region with a hot and humid climate throughout the year. In general, the temperature profile increases slightly from morning to afternoon, whereas the trend is reversed for RH with decreasing value as time passes.
Salleh et al. (4) carried out a study on 10 classrooms, which were randomly selected from five private preschools in Malaysia, with the aim of determining sick building symptoms (SBS) among school children in refurbished private preschools with different ventilation systems and their associations with IAQ performance. They reported that the mean indoor temperatures were lower than the corresponding outdoor levels of the three air-conditioned classrooms, which were selected in the study.
However, all classrooms and respective outdoor environments showed higher values of mean temperature than the recommended range for acceptable indoor air quality of ASHRAE (9) . The indoor-outdoor ratio (I/O) for temperature of each classroom stated in small value ranged between 0.93 and 1.11. Salleh et al. (4) also reported that RH in four natural ventilation classrooms exceeded the ASHRAE (9) recommendations limit at 30%-65%. The I/O RH of each classroom also showed a small range of value, except the air-conditioned classroom at 0.76, which had the lowest I/O, thus suggesting that the mechanical airconditioner controlled the indoor environment. PM concentrations <10 micrometers (PM 10 ) and <2.5 micrometers (PM 2.5 ) in diameter were elevated from the formation of ultrafine particles (UFP) to fine and coarse particles via condensation processes (10). Moreover, air was able hold more water vapor at a higher temperature.
Ventilation rates
There is very little evidence proving the efficacy of ventilation rate control on the reduction of health effects. However, Salleh et al. (4) reported that sore throat and fatigue were connected with the classroom's ventilation strategies with (χ 2 = 6.438, p < 0.005), (χ 2 = 4.985, p < 0.005) and (χ 2 = 6.438, p < 0.005), respectively. There were 151 student subjects involved in this study. Salleh et al. (4) concluded that natural ventilation classrooms contributed higher applicable health indications to students in contrast with air-conditioned classrooms owing to the external contaminants entering the classrooms through the open windows. In contrast, the air-conditioned classrooms committed the most surprising number of students who endured the symptoms.
CO 2 concentration
Indoor CO 2 concentrations are considered an indicator of IAQ. The Malaysian Code of Practice (11) and ASHRAE standards have set a recommended value of exposure to CO 2 exposure, which should not exceed 1000 ppm for an 8-h period (12) . Findings from Marzuki et al. (3) showed that CO 2 concentrations were almost in the same range for the three schools, namely, 638-699 ppm in the commercial area, 555.50-647.60 ppm in the outskirt-hilly area, and 546-675 ppm in the suburban area. There were no significant differences in CO 2 values among the schools because the number of students in each class was almost the same, in accordance with the recommendation of the Malaysian Ministry of Education.
In general, the CO 2 concentration during classes in each school was significantly higher compared with that during recess hours (10 am). Outdoor concentration and occupant density (the prime source: human respiration) were reported as the origins of indoor CO 2 concentration in each school.
Salleh et al. (4) suggested that indoor CO 2 levels were significantly affected by ventilation systems and occupant density. The air-conditioned classroom with a density of 22 students showed the highest CO 2 mean value at 1680 ppm, followed by the air-conditioned classroom with 20 students at 1295 ppm, PJ-KD6-R1 with 19 students at 1293 ppm, people), and air-conditioned classroom with 19 students at 1054 ppm. These four air-conditioned classrooms exceeded 1000 ppm, as stipulated by the standard limit in The Malaysian Code of Practice (11) and ASHRAE Standards (12) .
Meanwhile, the natural ventilation classrooms seemed to have a good IAQ, where the indoor CO 2 mean value concentrations fell below the DOSH 2010 (11) and the ASHRAE 2007 limit of 62.1 (12) . Although all the classrooms had similar numbers of student density at a time, the mean values of CO 2 varied with different ventilation systems.
CO concentration
According to Marzuki et al. (3) , outdoor combustion generated from automobile exhaust from attached garages, nearby roads, or parking areas and constructions is the main source of CO concentration. There was a statistically significant difference (p < 0.05) between the means of the three schools, with commercial area recording the highest value whereas suburban area has the lowest concentration of CO. They found that the measured CO concentration ranged between 2.74 and 4.09 ppm in commercial area, 0.49 and 2.18 ppm in outskirt-hilly area, and 0.12 and 0.61 ppm in suburban area. These measured values fell below the recommended value of 10 ppm for an 8-h exposure by the Malaysian Code of Practice (11) . In their study, Salleh et al. (4) also reported that the mean concentrations of CO were well below the recommended values of 10 ppm for an 8-h of exposure by the Malaysian Code of Practice (11) . The values ranged between 0.26 ppm and 0.83 ppm.
PM concentration
The presence of PM 10 has been attributed to the age of the building, the types of flooring, presence of curtains, shelf area, dust from blackboard, and fans. The recommended threshold level for respirable particulates (for particulate ≤ 10 μm) by the Malaysian Code of Practice (11) is 150 μg/m However, there is a cause for concern in terms of indoor particulate pollution in suburban area, which has an average indoor concentration of 194.3 μg/m 3 . The average concentration value for outdoor environment was measured at 31 μg/m 3 and this was well below the recommended outdoor air quality standard of 150 μg/m 3 (13). Marzuki et al. (3) concluded that outdoor air being introduced into the classrooms was not a major contributor to the suspended presence of PMs.
In another study carried out by Yahaya et al. (5), they reported a significantly higher reading of indoor PM 10 at homes in the urban areas with concentration of 71.5 μg/m 3 , compared with homes in rural areas with concentration of 47.1 μg/m 3 (p < 0.001). They suspected the high PM 10 concentration was due to the shelf areas and ceiling fans. Moreover, statistical analysis and the median (IQR) for PM 10 at studied residences both indicated a significant difference between the urban (118 μg/m 3 ) and rural areas (71.5 μg/m 3 ) (p < 0.001). Salleh et al. (4) found that the range of mean concentrations was between 41.0 and 342.8 μg/m 3 . The mean values of PM 10 for six natural ventilation classrooms were beyond the limit set by the Malaysian Code of Practice (11) . The air-conditioned classrooms maintained the PM 10 level that was below the limit (11). Salleh et al. (4) concluded that the outdoor particles distributed the PM 10 concentration into the indoor environment of the schools involved in the study.
A-cross sectional comparative study was conducted by Ayuni et al. (6) with the aim of determining the level of exposure to PM 10 and its relation to respiratory health among primary school children living near the petrochemical industry area at Kertih, Terengganu. There were 60 children in the studied group and 60 other children from the comparative group. From statistical analysis, average indoor PM 10 concentration in the studied group was higher compared with the comparative group. The average value of indoor PM 10 concentration of the studied group was 79 μg/m 3 , whereas that of the comparative group was 49 μg/m 3 . Therefore, indoor PM 10 concentrations between the studied and comparative groups were significantly different (z = -10.91, p < 0.001).
Another cross-sectional comparative study was conducted by Nurul Anis Sofiah and Juliana (7) with the purpose of assessing the indoor exposure level of PM 2.5 and its relation to lung function among children living near busy roads and less busy road in Cheras, Kuala Lumpur. The comparison between indoor PM 2.5 concentrations of the exposed and comparative groups demonstrated significant difference between the exposed and comparative groups (t = -2.496, p = 0.014).
According to a study conducted by Ithnin et al. (8) , the average PM concentration was higher in the location near the former landfill site (67.8 μg/m 3 ) than in the control area 47.2 μg/m 3 . However, a non-significant difference (p > 0.05) was found after conducting the non-paired t-test.
Other indoor air pollutants (TVOCs, NO 2 , formaldehyde, molds, and indoor microbacterial sources) Salleh et al. (4) reported that the mean concentrations of formaldehyde (CH 2 O), CO, and TVOCs were well below the recommended values of 10 ppm for an 8-h of exposure (11) . The values ranged from undetectable to 0.03 ppm, 0.26 ppm to 0.83 ppm and 18.5-217.1 ppb, respectively. Their finding showed a few parameters were beyond the standard limit and that these sources were suspected contributors to the health symptoms among occupants.
According to a study by Ayuni et al. (6) , the average value of indoor NO 2 concentration for the studied group was 3.73 ppm, whereas that for the comparative group was 0.14 ppm. This study reported that the indoor NO 2 concentrations between the studied and the comparative groups were significantly different (t = 1.93. p < 0.001). 
Respiratory health symptoms and lung function abnormality
Exposure to poor IAQ has been associated with chronic obstructive pulmonary disease, and acute lower respiratory infections (ALRI) like pneumonia amongst children less than 5 years (14, 15) . According to Salleh et al. (4), respiratory problems like runny nose, sore throat, coughing, breathing problems, and wheezing were most commonly reported in air-conditioned classrooms with percentages ranging from 14.9% to 18.9%. Runny nose, sore throat, and coughing were also reported higher at both ventilated classrooms. Surprisingly, sore throat, coughing, and fatigue were significantly perceived in natural ventilation classrooms, which were recognized with the elevated indoor PM 10 concentration, temperature, and RH. These parameters might as well contribute to the perceived symptoms among students in the classrooms (16) .
There are numerous factors that influence the abnormality of the lung function of children. According to Yahaya et al. (5), various indoor air pollutants in homes could be the reasons. In their study among children in urban and rural areas, they found that forced vital capacity (FVC), Forced expiratory volume in 1 second (FEV 1 ), FVC% and FEV 1 % (ratio of reference values of the matched population) had significant differences between urban and rural areas (p < 0.001), whereas no significant difference was observed between urban and rural areas for FEV 1 /FVC (FEV 1 expressed as a percent of FVC). Furthermore, they found a significant association between the level of PM 10 and coughing (p < 0.05) among children in the urban area, but no significant association between coughing and VOCs among the children. This finding suggests that high level of PM 10 may cause respiratory health problem among children in the urban area.
A study by Ayuni et al. (6) found that only FEV 1 /FVC% was significantly different between the studied and comparative groups (Z = -2.02. p = 0.04). Significant value for FEV 1 /FVC% showed that there was airway obstruction for lung function among the studied group compared with the comparative group. Airway obstruction is a blockage of respiration in the airway and may affect children's lung function. There were also linking association by this study, of which both PM 10 and NO 2 were associated with increases in the frequency of asthma symptoms and with a lung function reduction in children on a daily scale (17) . Symptoms most experienced by the respondents were coughing, wheezing, phlegm, and chest tightness. Overall, reported respiratory symptoms were significantly higher among the studied group compared with the comparative group.
The association between indoor PM 10 and NO 2 concentrations and respiratory health symptoms were analyzed among the studied groups in order to know how the level of indoor PM 1 and NO 2 concentrations may influence the exposed group living near petrochemical industry. There were also significant associations between indoor PM 10 and NO 2 concentrations, and respiratory health symptoms among the studied groups. Furthermore, this study also demonstrated that schoolchildren living in exposed areas near the petrochemical industry area had significantly more respiratory symptoms compared with children in the control area.
A study by Nazariah et al. (18) also showed a significant association between indoor PM 10 and reported respiratory symptoms in urban area for cough (OR = 1.81), phlegm (OR = 2.45), and wheezing (OR = 5.43). For lung functions, it was categorized into normal and abnormal functions, and associated with exposure of indoor air among the studied groups. The result showed that there were significant associations between levels of PM 10 and NO 2 and lung functions (x 2 = 9.91, p = 0.002 and x 2 = 4.91, p = 0.024 for PM 10 and NO 2 , respectively).
Nurul Anis Sofiah and Juliana (7) have conducted a comparison between exposed and comparative groups of respondents' abnormality prevalence based on FVC%, FEV 1 %, and FEV 1 /FVC%. The statistical results obtained demonstrated that FVC% and FEV 1 % were significantly different between exposed and comparative groups (χ 2 = 17.93, p = 0.000 and χ 2 = 7.26, p = 0.007, respectively. By contrast, FEV 1 /FVC% was not significantly different between the exposed and comparative groups. Furthermore, the comparison between the symptoms shown by the exposed and comparative groups of respondents demonstrated that all the respondents' symptoms, namely, chronic cough without colds (χ 2 = 33.33, p = 0.000), congestion and/ or phlegm without colds (χ 2 = 62.26, p = 0.000) and chest illness (χ 2 = 75.00, p = 0.000), which prevented usual activities, showed significant difference between the exposed and comparative groups.
Moreover, the association of indoor PM 2.5 concentration with measured FEV 1 and FVC and with FEV 1 % and FVC% of the exposed group were statistically not significant. Likewise, FEV 1 and FVC and FEV 1 % and FVC% were also not significantly correlated with indoor PM 2.5 . By contrast, the association of outdoor PM 2.5 concentration with measured FEV 1 /FVC and FEV 1 /FVC% was significant. The statistical results demonstrated that the comparative group showed statistical significance in correlation with indoor PM 2.5 (r = 0.403, p = 0.001) and (r = 0.461, p = 0.000), whereas the measured FEV 1 /FVC of the exposed group was not significantly correlated (r = 0.172, p = 0.403).
As for the association of indoor PM 2.5 concentration with predicted FEV 1 /FVC%, the exposed groups were significantly correlated (r = 0.461, p = 0.024). Other potential confounders like mosquito repellent used and cooking activity might also affect the result. A buffer zone that contains trees and other figures to filter the PM 2.5 emitted by the traffic before reaching homes also play an important part as confounders. The higher number of mosquito coils used weekly and frequency of cooking activity carried out daily by the comparative group may be related to varied results regarding the association between PM 2.5 concentration and lung function status based on measured FEV 1 , FVC and FEV 1 /FVC as well as FEV 1 %, FVC%, and FEV 1 /FVC%.
Based on Ithnin et al. (8) , respiratory symptom scores showed significant differences (p = 0.012) among students aged 9 and 12 years in the study control areas. There was a significant relationship (p = 0.01) between respiratory symptom score by the value of peak expiratory flow rate (PEFR) (L/min) among the students in the study area. They have concluded that the difference only involved groups of students in the study aged 9 and 12 years and those in the control schools. In terms of PEFR reading (L/min), only the group of students aged 8 years showed a different result than those of the study and control schools. Their study also found a relationship between respiratory symptom score with PEFR (L/min) reading among students in a school near a former landfill site (8) .
Discussions
This review summarizes and provides essential information on previous studies of IAQ for schools in various districts of Malaysia. Although the available studies are meager in number and quality, with no demonstration of a strong causal relationships between the specific indoor air pollutants (IAPs) exposure and health outcomes, the overall findings suggested adverse respiratory health effects were related to some common indoor air pollutants in homes and schools. Through the review of all the selected previous studies, it can be concluded that the majority of school children are exposed to inadequate IAQ due to insufficient ventilation and inadequate maintenance, thereby causing discomfort. These conditions lead to the short-and long-term respiratory health effects on school-aged children. Thus, we suggest that future studies should include causal relationships between IAPs and its health outcomes. Such information is important in formulating IAQ guidelines and can also be beneficial for future studies undertaken by other researchers.
The methodology used in this review is in line with the methodology used in systematic reviews. However, it has identified evidence behind only a few topics related to all the possible IAPs. Other than that, this review paper did not attempt to identify intervention studies. IAP is a crucial risk factor for acute lower respiratory tract infections (ALRTI) in developing countries (19) . Recent international data indicate that, currently, the increase of asthma and allergies in children is most pronounced in the more advanced developing countries (20) . The reasons remain unclear, but this trend could be attributed to changes associated with environmental and lifestyle factors throughout the modernization process. A number of research gaps are evident in relation to indoor air pollution and respiratory health among children in Malaysia. In particular, there is a need for larger and more detailed studies that can explore the association between interventions and indoor air pollution as well as the accompanying health impacts.
This review found that all studies made some attempt to adjust for potential confounders. In particular, parental smoking, socioeconomic status, and over-crowding were associated with both IAQ and its health effects. It is possible that these collinearity effects can never be truly removed from observational studies by statistical analysis. Other limitations like obtaining all the relevant literature and limited number of studies available were the main issues encountered by the authors of this review paper.
Future studies must monitor indoor air pollution and exposure for longer periods of time and in more detail than the previous studies. Future studies also require larger sample sizes to be able to detect impacts of indoor air pollution on children's respiratory health. Furthermore, they need clear case definitions and strong methodologies for diagnosing respiratory symptoms and lung function abnormality among children as well as adjust for the confounding variables, which may influence the impact of exposure reduction on children's respiratory health. Moreover, there is also a need for standardized methodologies to facilitate comparison of future studies.
Conclusion
Indoor air pollution remains a major environmental health hazard for Malaysian children. Despite the relatively small-scale epidemiologic evidence, Malaysian studies have highlighted strong and relatively consistent associations between indoor air pollution and children's respiratory health. Children living in households or studying in schools located in urban areas are more likely to suffer from respiratory illnesses compared with children living in homes or studying in schools located in rural areas.
A few recommendations to note for future studies would be to assess the relationship between risk and response, in order to predict the magnitude of public health impacts, and evaluate promising corrective actions. From the summarization and review of previous studies here, there is a need for better methods to assess the risks of respiratory health effects among school -ged students. Future research on indoor air pollutants and the other risk factors reviewed here should better quantify and stratify risk with enhancement, in order to promote future preventive actions in Malaysia. Furthermore, improvement in research designs is a necessity, particularly the need for better health exposure assessments and respiratory health prevalence investigations.
